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SCIENCE 



NEW YORK, MAY 8, 1891. 



SOME POSSIBLE MODIFICATIONS IN THE METHODS 
OF PROTECTING BUILDINGS FEOM LIGHT- 
NING. 1 

I REMEMBER with what hesitation I ventured some months 
ago to explain to your fellow-member, Mr. T. C. Martin, my 
ideas on some possible modifications in the method of pro- 
tecting buildings from lightning. But as he was kind 
enough to express the belief that there was something in 
what I had to say, I have ventured to come here this even- 
ing to explain my ideas to what must be an extremely criti- 
cal audience. 

To begin with, I have always belonged witb those who 
have been sceptical as to the utility of lightning-rods as or- 
dinarily placed on our houses. I was never able to under- 
stand, and cannot now, why, if a lightning-rod as ordinarily 
introduced was useful, the lightning should scent out a bad 
earth connection at so considerable a distance. I mean that I 
could understand the ordinary theory of the rod if invaria- 
bly the electrical discharge followed the rod as far as its 
conductivity was good, only to leave it when the bad earth 
connection was reached. 

I am aware that the advocates of the old form of rod point 
to the apparent beneficial effects of the Harris system as in- 
troduced on ships. This may be due to the possibility of 
making an especially good earth connection, or it may be 
due to there having been introduced on ships about the time 
that rods were introduced some other modification which has 
had a beneficial effect. I have some suspicions on this 
point, and find it recorded in the London Electrical Review 
that lightning does not play as destructive a part as it did 
forty or fifty years ago, and that even those ships unprovided 
with conductors have suffered less damage than a smaller 
number of ships experienced formerly. Not that modern 
vessels are exempt, but they seem to be struck in a manner 
which causes fewer fatal accidents, and in some cases even 
the effects of a lightning-flash have borne so little trace of 
their origin that they have been credited to the wilful act of 
some one on board. 

Ordinarily a lightning-rod is regarded as a conduit or pipe 
for conveying electricity from a cloud to the ground. The 
idea is that a certain quantity of electricity has to get to the 
ground somehow ; that if an easy channel is opened for it, 
the electricity will pass quietly and safely ; but that if ob- 
struction is introduced, violence and damage will result. 
This being the notion of what is required, a stout copper rod, 
a wide-branching and deep-reaching system of roots to dis- 
perse the charge as fast as the rod brings it down, and a 
supplement of sharp points at a good elevation to tempt the 
discharge into this attractive thoroughfare, are naturally 
guaranties of complete security. 

I think Oliver J; Lodge has expressed well the difficulty 
that has always been present in my mind when I have read 
detailed descriptions of the effects of lightning. He says, in 

1 A paper, by N. D. C. Hodges, read at the fifty-sixth meeting of the Ameri- 
can Institute of Electrical Engineers, New York, April 81. 



a paper published in the Electrical Engineer some time last 
June, that when, in spite of all precautions, accidents still oc- 
curred ; when it was found that from the best-constructed con- 
ductors flashes were apt to spit off in a senseless manner to gun- 
barrels and bell-ropes, and wire fences and water-butts, — it 
was the custom to more or less ridicule and condemn either 
the proprietor or its erector, or both, and to hint that if only 
something different bad been done, — say, for instance, if 
glass insulators had not been used, or if the rod had not been 
stapled too tightly into the wall, or if the rope had not been 
made of stranded wires, or if copper had been used instead 
of iron, or if the finials had been more sharply pointed, or if 
the earth plate had been more deeply buried, or if the rain- 
fall had not been so small, or if the testing of the conductor 
for resistance had been more recent, or if the wall to which 
the rod was fixed had been kept wet, — then the damage 
would not have happened. Every one of these excuses has 
been appealed to as an explanation of a failure; but because 
the easiest thing to abuse has always been the buried earth 
connection, that has come in for the most frequent blame, 
and has been held responsible for every accident not other- 
wise explicable. 

I have to say, therefore, that up to about two years ago I 
was simply \n the dark as to what was the matter with 
lightning-rods. I could not accept the reasoning set forth in 
the report of the Lightning-Rod Conference or in any of our 
books. It did not seem to me that the arguments in sup- 
port of the ordinary lightning-rod were logical. It seemed 
to me that there was something that we did not understand. 

About two years ago one* of the oil-tanks at Communipaw 
or Bayonne, just off the New Jersey Central Railroad, was 
struck by lightning; and, as I pass that way each day, my 
attention was again called to the question how we should 
protect our buildings from lightning; and one evening, 
taking up Silvanus P. Thompson's little book on electricity, 
I think it was, to see what he had to say about lightning, I 
re-read the ordinary theory of the formation of the high po- 
tentials that are manifested in lightning-discharges. 

This theory is simply this: that if, in the cloud, there 
is a certain quantity of electricity distributed on a given 
mass of fine mist, it will exist there at a certain potential, 
depending on the capacity of this finely divided matter. 
Now, if these mist-particles coalesce into raindrops, the the- 
ory points out that there would be a decrease in the electri- 
cal capacity, and a consequent increase in the potential of 
the charge. It occurred to me immediately, that, if this 
theory had any foundation in fact, it ought to be possible to 
reverse the operation on the surface of the earth ; that is, to 
receive the lightning-discharge on some large body, which 
would then be broken up into fine particles of vapor, which, 
would have a considerably greater electrical capacity, and 
that the potential of the discharge would thereby be materi- 
ally reduced, and the effects of the lightning mitigated. 
This was my hypothesis to work upon, and I immediately 
began to look through the records to see what actually hap- 
pened in the case of lightning-discharges, and to see if there 
was any support in fact for my hypothesis. 

The first book at hand was Sir William Thomson's "Pa- 
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ElectronElectricity and Magnetism," and I found that he 
described in detail the case of a farmhouse in Scotland, which 
was struck by lightning, and in which this very dissipating 
®ffect took place; that is, the bell-wires were dissipated, — 
an occurrence which, as you know, is extremely common 
when a lightning discharge takes place. I went on through 
the records, and found numberless cases of this, the oldest 
l>3ing that of the dissipation of the metal covering on the 
■wooden shield of some Greek warrior. I mention this case 
as of interest, as it brings out a very fortunate circumstance, 
that when thin metal is dissipated against wood or even 
against plaster, no harm results to the wood or plaster. Of 
•course, you know that it has been somewhat discussed whether 
this action is a dissipation through the heating of the metal, 
•or whether it is a cold dissipation — a breaking-up into par- 
ticles, as it were — of the metal. On this point I have noth- 
ing to say. 

But as I went on through the records I could not make 
the facts accord satisfactorily with my hypothesis. The dis- 
sipating action that I was looking for certainly took place, 
and is a very common accompaniment of lightning-dis- 
charges, but in spite of it, there was damage to the building. 
It was only after a considerable reading of the records that 
it gradually dawned on me that I had found no case where 
damage to the building occurred on the same level with the 
dissipated conductor. 

Let me describe here in Franklin's own words a typical 
case of the action of a small conductor dissipated by the dis- 
charge. 

Franklin, in a letter to Collinson read before the Eoyal 
Society, Dec. 18, 1755, describing the partial destruction by 
lightning of a church-tower at Newbury, Mass., wrote: 
■" Near the bell was fixed an iron hammer to strike the hours ; 
and from the tail of the hammer a wire went down through 
a small gimlet-hole in the floor that the bell stood upon, and 
through a second floor in like manner; then horizontally 
Tinder and near the plastered ceiling of that second floor till 
it came near a plastered wall; then down by the side of that 
wall to a clock, which stood about twenty feet below the 
bell. The, wire was not bigger than a common knitting- 
needle. The spire was split all to pieces by the lightning, 
and the parts flung in all directions over the square in which 
the church stood, so that nothing remained above the bell. 
The lightning passed between the hammer and the clock in 
the above mentioned wire, without hurting either of the 
floors, or having any effect upon them (except making the 
gimlet-holes, through which the wire passed, a little bigger), 
and without hurting the plastered wall, or any part of the 
building, so far as the aforesaid wire and the pendulum-wire 
of the clock extended ; which latter wire was about the thick- 
ness of a goose-quill. From the end of the pendulum, down 
quite to the ground, the building was exceedingly rent and 
damaged. . . . No part of the aforementioned long, small 
wire, between the clock and the hammer, could be found, 
except about two inches that hung to the tail of the hammer, 
and about as much that was fastened to the clock ; the rest 
being exploded, and its particles dissipated in smoke and air, 
as gunpowder is by common fire, and had only left a black, 
smutty track on the plastering, three or four inches broad, 
darkest in the middle, and fainter towards the edges, all along 
the ceiling, under which it passed, and down the wall." 

I would thus formulate what seems to be true, — that a 
conductor which can be easily dissipated by a lightning-dis- 
charge protects the building to which it is attached between 
two horizontal planes, the one passing through the upper 



end of the dissipated conductor, and the other through the 
lower end ; and it is this one point that I would urge upon 
the consideration of the Institute. 

I have taken the time of the Institute to tell how I reached 
this conclusion; but, as must always be, I reached it by 
making some false digressions. So far as I know, therefore, 
a conductor such as I have here — a conductor made of 
light copper ribbon, so that seventy-five feet of it will weigh 
only a pound, and made in sections two feet long, which 
shall be tacked to the building from its ridge-pole to the 
foundation, the joints being made of low conductivity by 
the insertion of insulating washers — will protect the build- 
ing. The conductor will be destroyed by the discharge. Its 
destruction can take place even against a plastered wall 
without injury to the wall; but no other harm will occur so 
far as the conductor extends in a vertical direction. There 
is no need of the conductor following the shortest course to 
the ground. There is no need of providing a good earth 
connection. I can see no difference between the two ends of 
the metallic ribbon. You do not attempt to make a good 
connection at the top with the dielectric, and I do not see 
why you should attempt to make a good connection at the 
bottom. In no case on record of the protecting influence of 
dissipatable conductors has this protecting influence depended 
upon there being a good earth connection. Of course, the 
ribbon should not be boarded over. Free gun-powder burns 
harmlessly enough, but it causes damage when burned in a 
confined space; and the dissipation of a conductor presents 
similar phenomena. 

It would not do to run such a conductor as I suggest here 
part way down the building, and then make it turn up again 
before its final descent to the ground, as in such a case there 
would probably be a line of disaster from the point where 
the upward turn began. 

Doubtless numerous improvements can be suggested, but 
letting this stand as the main point of what I have to say,— 
that a dissipatable conductor protects, — it may be of interest 
to consider why it protects. But here you will understand 
perfectly well that, while I can offer certain explanations 
which seem fairly plausible to me, it is not in the nature of 
things that I should have gotten at the whole truth. 

In order to destroy a building in whole or in part, it is 
necessary that work should be done; that is, energy is re- 
quired. Just before the lightning-discharge takes place, the 
energy capable of doing the damage which we seek to pre- 
vent exists mainly in the column of air extending from the 
cloud to the earth in some form that makes it capable of 
appearing as what we call electricity. We will therefore 
call it electrical energy. What this electrical energy is, it is 
not necessary for us to consider; but that it exists there can 
be no doubt, as it manifests itself in the destruction of build- 
ings. 

The problem that we have to deal with, therefore, is the 
conversion of this energy into some other form, and the ac- 
complishment of this in such a way as shall result in the 
least injury to property and life. When lightning-rods were 
first introduced, the science of energetics was entirely unde- 
veloped ; that is so say, in the middle of the last century, 
scientific men had not come to recognize the fact that the 
different forms of energy — heat, electricity, mechanical 
power, etc. — were convertible one into the other, and that 
each could produce just so much of each of the other forms, 
and no more. The doctrine of the conservation and corre- 
lation of energy was first clearly worked out in the early 
part of this century. There were, however, some facts known 



May 8, 1891.J 



SCIENCE. 



255 



in regard to electricity a hundred and forty years ago, and 
among these were the attracting power of points for an elec- 
tric spark, and the conducting power of metals. Lightning- 
rods were therefore introduced with the idea that the elec- 
tricity existing in the lightning-discharge could be conveyed 
around the building which it was proposed to protect, and 
that the building would thus be saved. 

The question as to the dissipation , of the energy involved 
was entirely ignored, naturally ; and from that time to this, 
in spite of the best endeavors of those interested, lightning- 
rods constructed in accordance with Franklin's principle 
have not furnished satisfactory protection. The reason for 
this is apparent when it is considered that this electrical en- 
ergy existing in the atmosphere before the discharge, or, 
more exactly, in the column of dielectric from the cloud to 
the earth, reaches its maximum value on the surface of the 
conductors that chance to be within the column of dielectric ; 
so that the greatest display of energy will be on the surface 
of the very lightning-rods that were meant to protect, and 
damage results, as so often proves to be the case. The very 
existence of such a mass of metal as an old lightning-rod 
only tends to produce a disastrous dissipation of electrical 
energy upon its surface, — " to draw the lightning," as it is 
so commonly put. 

Having cleared our minds, therefore, of any idea of con- 
ducting electricity, and keeping clearly in view the fact that 
in providing protection against lightning we must furnish 
some means by which the electrical energy may be harmlessly 
dissipated, it seems clear why it is that the use of sufficient 
energy to dissipate a pound of copper, leaves not enough to 
do harm to other objects around. The question naturally 
arises how much energy there is available. There is stored 
up in each cubic centimetre of the column of dielectric from 
the cloud to the earth, just before the lightning-discharge, 
an amount of electrical energy given by the expression 

<r- K E z y where K is the specific inductive capacity of the 

dielectric, and E the electromotive intensity, both in elec- 
trostatic units. This expression is given on p. 156, Vol. I., 
second edition, of Maxwell's "Treatise on Electricity and 
Magnetism." Substituting the values of K and E, and re- 
ducing, we find that the amount of energy involved amounts 
very nearly to one foot-pound for each cubic foot of air. This 
is, of course, a maximum value. 

When this amount of energy is reached in any cubic foot, 
the air breaks down, and the discharge takes place, and the 
amount of energy per cubic foot in the column of dielectric 
reaching from the cloud to the earth cannot be uniform, but 
must reach this maximum value along a central core, and 
diminish gradually from this value to nothing at a consid- 
erable distance. If we consider that the dissipation of this 
electrical energy takes place throughout the whole length of 
the column of dielectric from the cloud to the earth, we shall 
see that all the energy that we have to care for in our light- 
ning-rod is that existing in the section of the column con- 
tained between two surfaces passing through the top and 
foundation of our house respectively. I have said two sur- 
faces, as doubtless they are not planes : presumably they are 
two equi-potential surfaces. 

I am now coming to a point that I want to make clear, 
and that is, that, according to the usually accepted theories 
of electrical action, this electrical energy is gradually stored 
up in the column of dielectric from the cloud to the earth, 
and that it is distributed in this column with the greatest 
amount per cubic foot along some central core, this amount 



not exceeding one foot-pound per cubic foot, and that this 
process can be continued until the stress is so great that the air- 
breaks down, when what we call a, discharge of lightning 
takes place, and the electrical energy disappears, of course: 
only to take on some other form. You may say that the 
electricity travels from the cloud to the earth, or from the 
earth to the cloud, whichever you please; at any rate, there 
is an electrical action in a vertical direction, the discharge 
being supposed vertical. I will ask, however, whether it is 
not true that the energy involved travels along the equi- 
potential lines; that is, travels in the main horizontally. It 
seems to me that it shrinks in, as it were, from the consid- 
erable column or ellipsoid of dielectric upon the central core, 
where it manifests itself as heat and light in the electrical 
flash. It will, then, be clear how it is that in providing a 
body upon which the dissipation of energy shall take place 
we have to guard against something not coming from above 
or below, but coming from the side, and that this may be 
the explanation of why it is that, so far as I have been able 
to find, a dissipatable conductor protects the building between 
two essentially plane surfaces passing through its upper and 
lower ends. 

Have we not, then, in the lightning-discharge, another 
illustration of the relation between light and electricity ? If 
we suppose for a moment that in place of the central core 
where the electrical energy is dissipated we were to place some 
hot or luminous body, this body would constantly radiate 
energy into the surrounding space, and at any instant there 
would be in each cubic foot of this surrounding space a cer- 
tain amount of radiant energy. Now, if this process could 
be brought to a standstill at any moment, would not the 
conditions be in some degree similar to those just preceding 
the electrical discharge ? There would be need of a certain 
force along the central core to maintain the various stresses 
throughout the surrounding medium; and if this central 
force were to be taken away, as it is taken away when the 
dielectric breaks down and the spark passes, the stresses 
could no longer be maintained, and there would be a vi- 
bratory transmission of the energy back upon the central 
core. 

But let all this be as it may, the main point which I would 
urge upon your consideration is that by giving the electrical 
energy something which experience shows it will readily 
dissipate, that is, a conductor of varying resistance and small 
size, we can but mitigate the effects of lightning-discharges, 
so long as the conservation of energy holds true. I will only 
repeat that I have so far found no case on record where the 
dissipation of such a conductor has failed to protect the build- 
ing under the conditions already explained. 



NOTES AND NEWS. 



In England, says The Illustrated American, the only venomous 
snake is the viper, which frequents chalky districts, and is not to 
be found all over the country. Perhaps these vipers are the most 
common and vicious of the smaller snakes, seldom growing longer 
than two feet. They abound not only in warm countries, where 
forests are thick and men are few, but also in the coldest regions 
of Sweden, Norway, Russia, and even Siberia, where a great 
many exist, owing to a stupid superstition among the peasants 
that if a viper is killed a terrible misfortune will soon befall the 
rash slayer. The California viper builds itself a little mud hut, 
just its own length, and probably half an inch thicker than its 
own body. It is made of earth, fine gravel, and sometimes leaves 
are mixed in the construction of this curious abode. It is lined 
with a soft, silky substance, finer than cotton and silkier than 
down. At each end there are two little doors, and when monsieur 



